TlBr radiation detector operation degrades with time at room temperature and is thought to be due to electromigration of Tl and Br vacancies within the crystal as well as the metal contacts migrating into the TlBr crystal itself due to electrochemical reactions at the metal/TlBr interface. X-ray photoemission spectroscopy (XPS) was used to investigate the metal contact surface/interfacial structure on TlBr devices. Device-grade TlBr was polished and subjected to a 32% HCl etch to remove surface damage prior to Mo or Pt contact deposition. High-resolution photoemission measurements on the Tl 4f, Br 3d, Cl 2p, Mo 3d and Pt 4f core lines were used to evaluate surface chemistry and non-equilibrium interfacial diffusion. Results indicate that anion substitution at the TlBr surface due to the HCl etch forms TlBr 1-x Cl x with consequent formation of a shallow heterojunction. In addition, a reduction of Tl 1+ to Tl 0 is observed at the metal contacts after device operation in both air and N 2 at ambient temperature. Understanding contact/device degradation versus operating environment is useful for improving radiation detector performance.
INTRODUCTION
The development of room temperature radiation detectors requires new materials with large band gaps and high atomic number species. Thallium bromide (TlBr) meets these requirements having a wide band gap (2.68 eV), high Z ( /V) and a demonstrated energy resolution of 1.2% at 662 keV. [1] [2] [3] [4] However, TlBr detectors are susceptible to polarization phenomena that limit long term performance. 5 It has also been observed that device operation results in the formation of a dark halo around the cathode contact.
Methods to control this polarization must address vacancy migration, surface chemistry and interfacial reactions at the contacts. Native oxides, surface stoichiometry and surface defects due to polishing all affect device performance. 6 The long-term room temperature stability of TlBr gamma detectors has been improved using surface chemical modification 7, 8 but the operational environment must also addressed.
This paper assesses and discusses oxidation/reduction reactions and lateral surface compositional variations at and near the metal contacts on HCl treated TlBr operated in air and dry N 2 . The surface chemistry and speciation at the Mo and Pt contacts and across the surface between contacts was examined using X-ray photoelectron spectroscopy (XPS). The operational stability as a function of processing and environment and using these to control the interfacial ionic conductivity has been elucidated with this experimental study.
EXPERIMENTAL
Device-grade TlBr samples were polished and immersed in 32% HCl followed by a methanol rinse in air to remove surface damage prior to Mo and Pt contact deposition. Electron beam physical vapor deposition (EBPVD) was used to deposit the metal contacts in a vacuum chamber with a base pressure of 8 x 10 -7 torr. The Tl 4f cor f the Tl 4f 7 Note that the Br 3d 5/2,3/2 core-level spectra of select sites on TlBr with Mo anodes operated in air and in N 2 do not exhibit the higher binding energy components in the Br 3d spectrum seen for the Pt contact operated at +200V and thus are not presented here. The higher binding energy components in the Cl 2p spectra are similar to those for the Pt contacts (not presented here) and are again indicative of ClO -species likely due to the methanol rinse in air.
The Cl/Br and Tl/(Br + Cl) ratios across the surfaces between the grounded Mo contact and the Mo anode operated at +200V in air and dry nitrogen are summarized in Tables 3 and 4 . Similar conclusions can be made as before for the Pt anodes. Table 3 . Atomic concentration ratios at marked ROI between Mo anodes operated in air.
ROI
Air operation Figure 1a Cl In summary, we observe that compositional changes are more prevalent near the anode and cathode of the device and we have noted that operation in N 2 reduces the oxygen content throughout.
CONCLUSIONS
X-ray photoelectron spectroscopy has been used to examine the surface chemistry near the metal contacts and across the surface of TlBr devices operated in air and in flowing N 2 . XPS core-level spectroscopy reveals that anion substitution at the TlBr surface due to the HCl etch forms TlBr 1-x Cl x with consequent formation of a shallow heterojunction. In addition, a reduction of Tl 1+ to Tl 0 is observed at the metal contacts after device operation in both air and N 2 at ambient temperature. XPS results also show evidence of electrocatalytic activity at the metal contact interface. This study provides further understanding for optimizing the long-term stability and radiation response of TlBr detectors.
